Abstract: The effects of alfaxalone and propofol on neonatal vitality were studied in 22 bitches and 81 puppies after their use as anesthetic induction agents for emergency cesarean section. After assessment that surgery was indicated, bitches were randomly allocated to receive alfaxalone 1 to 2 mg/kg body weight or propofol 2 to 6 mg/kg body weight for anesthetic induction. Both drugs were administered intravenously to effect to allow endotracheal intubation, and anesthesia was maintained with isoflurane in oxygen. Neonatal vitality was assessed using a modified Apgar score that took into account heart rate, respiratory effort, reflex irritability, motility, and mucous membrane color (maximum score = 10); scores were assigned at 5, 15, and 60 minutes after delivery. Neither the number of puppies delivered nor the proportion of surviving puppies up to 3 months after delivery differed between groups. Anesthetic induction drug and time of scoring were associated with the Apgar score, but delivery time was not. Apgar scores in the alfaxalone group were greater than those in the propofol group at 5, 15, and 60 minutes after delivery; the overall estimated score difference between the groups was 3.3 (confidence interval 95%: 1.6-4.9; P < 0.001). In conclusion, both alfaxalone and propofol can be safely used for induction of anesthesia in bitches undergoing emergency cesarean section. Although puppy survival was similar after the use of these drugs, alfaxalone was associated with better neonatal vitality during the first 60 minutes after delivery. respectively). The estimated group effect was a difference of 3.3, CI 95 % (1.6;4.9) (P < 40 0.001). Neither the number of delivered puppies nor the proportion of surviving puppies 60 41 min post-delivery differed between the groups (P = 0.168 and P = 0.149, respectively). 42
Objective: To compare alfaxalone and propofol as anesthetic induction agents in dogs 23
undergoing emergency cesarean section in respect to their clinical effects on neonatal 24 vitality, assessed by performing an Apgar score. Study design: Randomized blinded 25 clinical trial of 22 female dogs with their 81 puppies delivered by emergency cesarean 26 section. Methods: After decision for emergency cesarean section was made, dogs were 27 allocated randomly to one of two treatment groups for anesthetic induction: alfaxalone 1-2 28 mg/kg BW or propofol 2-6 mg/kg BW, both given intravenously to effect to allow 29 endotracheal intubation. No premedication / sedatives were administered prior to delivery 30 of the offspring. Anesthesia was maintained with isoflurane in oxygen, and fentanyl 31 infusion was started following delivery of the last puppy. To assess vitality of neonatal 32 puppies, an Apgar score including the parameters heart rate, respiratory effort, reflex 33 irritability, motility and mucous membrane color was performed at 5, 15 and 60 min post-34 delivery for each puppy. Results: Total anesthesia duration and delivery time of puppies 35 were comparable in both groups (P = 0.87 and P = 0.511). Puppies in group alfaxalone 36 respectively). The estimated group effect was a difference of 3.3, CI 95 % (1.6;4.9) (P < 40
As about 16 % of all pregnant bitches suffer from dystocia when giving birth and more 50 than 60 % of bitches with dystocia end up having a cesarean section (section), performing 51 an emergency section is a routine procedure of paramount importance in small animal 52 obstetrics [1, 2] . Various anesthetic techniques have been proposed [2] [3] [4] [5] . All anesthetic 53 drugs, including inhalant anesthetic agents, cross the placenta and the blood-brain barrier 54 of the fetus and lead therefore to neonatal depression, although to a variable extent [3] [4] [5] . 55
The anesthetic protocol chosen should provide optimal maternal and fetal conditions, with 56 minimal neurological and cardiorespiratory depression [4] . Both maternal lethargy and 57 reduced neonatal vitality during the critical first postoperative hours result in reduced 58 colostrum intake and increased mortality rate of the puppies [3, [5] [6] [7] . Currently, many 59 veterinary clinics and practices use an anesthetic protocol with propofol induction followed 60 by isoflurane maintenance, with or without additional sedatives and / or analgesics. 61
Usually, anesthetic depth is increased after delivery of the last puppy, and supplementary 62 analgesics are administered [2, [6] [7] [8] [9] . 63
Anesthetic induction with propofol iv followed by isoflurane maintenance was reported to 64 result in improved puppy vigor and newborn survival rates compared to other general 65 anesthetic protocols and was considered almost equal to epidural anesthesia [6] [7] [8] . 66
Recovery from propofol is normally prompt and smooth due to rapid redistribution and 67 metabolism, and although it crosses the placental barrier, it is rapidly cleared from the 68 neonatal circulation [5, 10, 11] . 69
The neuroactive steroidal combination Saffan (a mixture of alfaxalone and alfadolone 70 solubilized in 20 % of a polyoxyethylated castor oil called Cremophor EL) was used widely 71 in the 1970s, 80s and 90s in cats and was considered to be a very safe anesthetic agent 72 for anesthesia induction and short procedures [12] . In dogs, its use was severely limited 73 due to a Cremophor EL-induced histamine release and a subsequent fall in arterial blood 74 pressure with urticaria and skin erythema, resulting in serious anaphylactoid reactions in 75 this species [13] . However, after pre-anesthetic medication with an antihistaminic agent(chlorpheniramine maleate), Bomzon et al. reported Saffan to be a safe and predictable 77 anesthetic agent for dogs undergoing section, and to be superior to thiopental [14] . In the 78 last decade, a new Cremophor EL-free formulation of alfaxalone (3±-hydroxy-5±-79 pregnane-11,20-dione), without alfadolone, has been developed for use in small animals 80 and registered in Australia, New Zealand, South Africa and the UK (Alfaxan, Vétoquinol, 81 UK). The new formulation uses a cyclodextrin base (2-hydroxypropyl-β-cyclodextrin, 82 HPCD) as solubilizing agent and does not cause histamine release [15, 16] . Alfaxalone 83 was shown to provide a rapid and smooth induction of anesthesia with rapid recovery of 84 consciousness and minimal respiratory depression at clinical doses [16, 17] . Alfaxalone 85 has a wide margin of safety, a short total body clearance and harmonic mean plasma 86 terminal half-life [16] . Although alfaxalone is nowadays routinely used for induction of 87 anesthesia in dogs and cats in many countries, it has never been evaluated in regard to 88 its efficacy for section. Therefore, the objective of this study was to evaluate, in a clinical 89 setting, the effects of alfaxalone as anesthetic induction agent for dogs undergoing 90 In order to objectively assess neonatal vitality, we used the modified Apgar score for 153 puppies formulated by Veronesi et al. [9] , including the following parameters: heart rate,respiratory effort (respiratory rate and type of crying), reflex irritability, motility and mucous 155 membrane color. Each parameter was rated as 0 (absent) body temperature, heart rate, respiratory rate, PCV) and intra-and / or postoperatively 170 (body temperature, heart rate, respiratory rate, blood pressure, total duration of 171 anesthesia, delivery time of puppies, litter size). Chi-square tests were used to assess if 172 the two groups differed significantly with regard to the proportion of bitches with or without 173 ovariohysterectomy, parity and the proportion of life and dead puppies. Linear mixed 174 models, accounting for clustering within puppy and bitch, were performed to assess if pre-175 and intraoperative factors (group Al, Pr and delivery time of puppies) were significantly 176 associated with the Apgar score. Model selection (e.g. deciding which of the explanatory 177 variables should be included in the final model) was based on the Akaike information 178 criteria (AIC). Model validation was based on checking the residuals visually for 179 homogeneity and independence. The results with P < 0.05 are considered to be 180 significant. 181
Results 183 184
A total of 22 litters with their 81 puppies born via section were included. Group Al and Pr 185 were assigned 11 bitches each. The bitches of both groups were comparable regarding 186 their breed affiliation. The groups did not differ at admission in respect to age (P = 0.718), 187 parity (P = 0.47), pre-anesthetic body weight (P = 0.818), body temperature (P = 0.953), 188 heart rate (P = 0.224), respiratory rate (P = 0.773) and PCV (P = 0.97) at admission. Body 189 temperature, heart rate, and mean blood pressure did not differ intraoperatively between 190 both groups (P = 0.885, P = 0.496 and P = 0.103, respectively). Total anesthesia duration A total of 81 puppies were born via section. Two of the 73 puppies that were born alive 201 died within the first 60 min after birth. Table 1 but only in 30 % of puppies delivered vaginally [22] . Although in their study propofol was 238 used as induction agent, in our study the neonatal vitality after section was superior, not 239 only in group Al but also in group Pr: only 17 % and 50 % of puppies were considered to 240 have poor Apgar scores at 5 min after delivery, respectively. In agreement with the 241 findings in previous studies, the Apgar scores in our study improved considerably in the 242 first 60 min post-delivery [20, 21] . 243
The puppy survival proportion in our study (91 % at birth, 88 % after the first hour post Propofol and alfaxalone are short acting hypnotic agents and provide short anesthesia 277 induction and recovery from anesthesia. Both agents cross, as all centrally acting 278 anesthetic agents, the placental barrier, which makes them comparable [5, 25] Recovery of the dams in our study was smooth and rapid with both anesthetic agents, in 289 agreement with the findings in previous studies [25] . Jiménez et al. have described poorer 290 recovery quality when anesthesia was induced with alfaxalone rather than propofol [28] . 291
However, results may be influenced by the fact that all dogs in their study suffered from a 292 neurological condition, which may have altered response to different agents [28] . A further 293 advantage of alfaxalone for practitioners is its longer shelf life and its higher resistance 294 against microbial growth compared to propofol [29] . 295
Performing a similar study, but including only elective sections would be an effective 296 possibility to eliminate the influence of duration of labor on puppy survival. Also, question 297 is raised as to which extent the induction-delivery-time may have an impact on the Apgar 298 score. While some clinicians argue that the induction-delivery-time should be longer than 299 the elimination half-life of the induction agent, therefore enabling its degradation by 300 maternal metabolism rather than fetal, current data seems to challenge this hypothesis: 301 neither longer induction-delivery-times improved puppy survival [8] nor a relationship 302 between delivery time and Apgar score was obvious in the presented data. 303 304
Conclusions 305
We conclude that anesthetic induction with alfaxalone for dogs undergoing emergency 306 section is equal or even superior to anesthetic induction with propofol, when followed by 307 isoflurane maintenance. Clinically relevant is the fact that with alfaxalone, puppies have 308 significantly higher Apgar scores at 5, 15 and 60 min post-delivery than with propofol. 309
Especially in a clinical setting, when number of puppies often exceeds number of staff 310 able to assist in reanimation, this can be advantageous. 311 312
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